Background {#Sec1}
==========

Globally, the decline in neonatal mortality observed over the last several years has been slower than the decline in mortality for older children (1--59 months) \[[@CR1]\]. Achieving faster reductions in neonatal mortality has therefore been a key area of effort for the global health community. The decline in neonatal mortality in India has also been slow \[[@CR2]\]. Nearly three-quarters of infant deaths in India occur within 28 days of birth, and with a neonatal mortality rate of 29 per 1000 in 2015, India accounts for almost one-fourth of the estimated 2.8 million newborn deaths globally \[[@CR3], [@CR4]\]. Furthermore, one-third of neonatal deaths occurs on the first day of life, when newborns are often still in health facilities \[[@CR5]\]. Karnataka state, South India, one of the better performing Indian states with respect to neonatal mortality, experienced a greater decline in neonatal mortality from 2000 to 2011 than all of India (40/1000 to 24/1000 versus 44/1000 to 31/1000) \[[@CR6]\]. Within Karnataka however, there are large geographical disparities in health outcomes, particularly between the north and south \[[@CR7], [@CR8]\]. In 2012, eight districts in northern Karnataka were designated as high priority by the Government of India's National Rural Health Mission (NRHM), based on a composite health index \[[@CR9]\].

In October 2011, the University of Manitoba and the Karnataka Health Promotion Trust, with other partners, initiated a technical assistance project to improve maternal, newborn and child health (MNCH) outcomes through the NRHM in eight northern districts of Karnataka. The goal was to improve MNCH outcomes through the development and adoption of effective operational and health system approaches within the NRHM umbrella. One key project approach was the development of a nurse mentoring (NM) program. We introduced on-site peer mentoring of staff nurses (SN) and auxiliary nurse midwives (ANM) responsible for labour, delivery and post-partum care in primary health centres (PHC), where 24% of deliveries occurred. The program focused on: enhancing clinical skills and practices; improving quality of care through team collaboration and problem solving; and supporting initiatives to address process-related issues, including improved infrastructure, supplies and referral logistics.

We have previously demonstrated that nurse mentoring improves the MNCH-related knowledge and skills of providers in PHCs, as well as institutional readiness to provide quality care \[[@CR10], [@CR11]\]. These studies reported the findings of a cluster randomized trial involving all functional 24/7 PHCs in two districts of Karnataka. We used a parallel, cluster randomized trial design in which 54 of 108 facilities received six onsite mentoring visits, along with an initial training update and additional training and support in the use of case sheets for labour and delivery. Pre- and post-intervention surveys using facility audits, provider interviews and case sheet audits indicated that: (1) a higher number of facilities in the intervention arm had all appropriate drugs, equipment and supplies to deal with maternal and newborn complications; (2) the providers in the intervention arm had better knowledge of labour and delivery care, including neonatal resuscitation and low birth weight newborn care; and (3) the providers in the intervention arm showed greater compliance with the protocols during labour monitoring, delivery, and immediate post-partum care for mothers and newborns. The nurse mentoring model was subsequently scaled up in all the control PHCs in these two districts, as well as in all the PHCs in 6 other neighbouring districts. The cluster randomized trial reported earlier did not collect data on neonatal mortality. Data on the impact of quality improvement efforts in improving outcomes is limited \[[@CR12], [@CR13]\], and the impact on neonatal mortality is rarely measured \[[@CR14]\]. In this paper, we assess the potential contribution of the NM program on neonatal mortality reductions.

Methods {#Sec2}
=======

The intervention {#Sec3}
----------------

Of the 387 rural PHCs in the 8 districts that are open at all hours (24 × 7 PHCs), 385 were included in the NM program (two were not functioning during the study period). Typically, the 24 × 7 PHCs in the project districts had 2--3 Staff Nurses, two Medical Officers, one Lab Technician, one Pharmacist, one Office Assistant and around 3--4 Staff responsible for housekeeping. These facilities were supported by 53 nurse mentors, each responsible for 6--7 PHCs. The mentors had a basic qualification in general nurse midwifery (GNM), had no or little prior experience in conducting deliveries and were recruited locally. The nurse mentors were trained for five weeks in: essential clinical competencies; how to effectively mentor PHC staff; team building and collaborative problem solving; and service delivery improvement. Nurse mentors worked in teams of two and visited assigned PHCs for 2--3 days every two months initially and then quarterly for a total of six visits per year, over a period of 16--28 months. For continuity, the same nurse mentor team was assigned to the same 6--7 PHCs over the duration of the intervention. Self-assessments, observations, clinical audits, modeling of good practice, and bed-side and small group teachings were used to address gaps in: 1) clinical competencies, specifically identification and initial management of MNCH complications, including essential newborn care; 2) procurement of essential supplies; and 3) facility preparedness and referral systems. In order to improve newborn outcomes, the PHC staff were mentored to better manage birth asphyxia; to improve the availability of equipment to clear airways effectively, including bag and mask ventilators; improve the ability to provide positive pressure ventilation; and improve newborn care, particularly drying and swaddling the babies, and early initiation of breastfeeding and skin to skin contact. The mentors themselves did not perform all resuscitation, but assisted the staff nurse. A more detailed description of nurse mentor visit and what they did can be found in one of our previous publications \[[@CR15]\]. The nurse mentors received about one and a half times more remuneration than the staff nurses in these facilities. The intervention costed an additional \$5.60 per delivery \[[@CR10]\].

Conceptual framework {#Sec4}
--------------------

The factors associated with neonatal mortality were grouped into four broad categories: maternal socio-demographic characteristics: age at the time of birth; literacy; employment; caste/tribe; religion; and socio-economic status (wealth quintiles);pregnancy characteristics: pregnancy order; presence of first antenatal care (ANC) visit in the first trimester; number of ANC visits; whether received two tetanus toxoid (TT) injections; consumption of 100 iron and folic acid (IFA) tables; presence of any pregnancy complication; frequency of frontline community health worker interaction (with accredited social health activist \[ASHA\]); and transportation used to reach delivery site;delivery characteristics: birth order; sex of child; delivery outcome (single/multiple); delivery place; delivery type (normal/Caesarian-section/assisted); delivery complication; and birth weight; andpost-delivery characteristics: use of postnatal care at home or at facility; and stay at the facility for at least 48 h.

Information on these factors was collected from household-based cross-sectional surveys that were conducted before and after program implementation. Data were collected on the last birth during the three years prior to each survey.

The surveys {#Sec5}
-----------

Baseline (March--June 2012) and endline (April--June 2015) cross-sectional surveys were carried out. A two-stage systematic stratified sampling methodology was used, with selection of villages, followed by households and eligible women. In the first stage of each round, 167 of the 5190 villages were selected using probability proportional to population size sampling. Villages were stratified according to sub-districts and village size before selection. In each survey round, lists of households with at least one eligible woman, defined as ever-married woman aged 15--34 years, were prepared separately for the Scheduled Caste (SC) or Scheduled Tribe (ST) households, and for non-SC/ST households; these lists were used for the selection of households in the second stage. From each selected village, 30 households (15 each from the SC/ST and non-SC/ST lists) were sampled by systematic sampling with equal probability, and without replacement. "Scheduled caste" is the officially designated group in India to denote lower castes in the traditional Indian social hierarchy based on caste. A large body of data exists in India to show that caste and religion play an important role in health outcomes including access and utilization of health services. All eligible women within a selected household were interviewed. A total of 5240 and 5154 ever-married women aged 15--34 years were interviewed in the baseline and endline surveys, respectively. The surveys were implemented by the Population Research Centre, Dharwad, an external, independent agency.

Statistical analyses {#Sec6}
--------------------

The primary study outcome variable was neonatal death, defined as any death of a live-born child during the first 28 completed days of life. Baseline and endline data were merged to form one database to allow analyses across periods, and Stata 14 (StataCorp, Texas, USA) was used for analysis. Baseline and endline neonatal mortality rate (NMR) among the last live-born children in the three-years prior to each survey were computed for the following three groups, according to place of delivery: (1) PHCs supported by an NM program; (2) sub-centres, community health centres, sub-district hospitals, district hospitals and private facilities not supported by an NM program; and (3) home deliveries. Mortality rates on day 1 post-partum, days 2--7, and days 8--28 were estimated separately for each delivery group. Survey data on date of birth, whether the child survived, and the date of death for those not surviving, were used to compute the probabilities that the newborn died within 28 days of birth. The unadjusted hazard ratios (HRs) were computed using Cox survival regression \[[@CR16]\].

We assessed whether the samples across different delivery sites, geographical locations and population groups differed in terms of known risk factors for neonatal mortality between the two rounds, using the Pearson χ^2^ test. We also explored whether these factors were associated with the differences in the probability of dying within 28 days of birth between the survey rounds, in each of the place-of-delivery-groups, using multivariate Cox regression.

Results {#Sec7}
=======

Table [1](#Tab1){ref-type="table"} presents the distribution of births, estimated NMR and HRs by place of delivery. Overall, 24% of the births at baseline and endline occurred in PHCs supported by NM. Another 50% of births at baseline and 59% at endline were in non-NM supported facilities. The remaining 26 and 18% of deliveries, at baseline and endline respectively, occurred at home. While there was no significant change in the share of PHC deliveries, the share of home deliveries decreased between survey rounds. Table 1Distribution of samples, neonatal mortality estimates and un-adjusted hazard ratios, by place of deliveryDeliveries in nurse mentor supported facilitiesDeliveries in facilities not supported by nurse mentorsHome deliveriesTotal deliveriesBaselineEndlineBaselineEndlineBaselineEndlineBaselineEndlineN (%)546 (23.8)536 (23.7)1185 (50.1)1280 (58.6)600 (26.2)363 (17.6)2331 (100.0)2179 (100.0)NMR \[95% CI\]29.4 \[18.1--47.5\]9.3 \[3.9--22·3\]32.2 \[23·5--44.0\]25.8 \[18.4--36.1\]28.3 \[17.7--45.2\]24.9 \[13.0--47.3\]30.5 \[24.3--38.4\]21.6 \[16.3--28.7\]Hazard ratio \[95% CI\] pRef.0.36 \[0.11--1.16\] 0.09Ref.0.61 \[0.27--1.35\] 0.22Ref.1.04 \[0.43--2.54\] 0.93Ref.0.64 \[0.37--1.12\] 0.12

There were no statistically significant differences in neonatal mortality among the three place of delivery groups at baseline (*p* = 0.90). The estimated NMR among the 2331 and 2179 last-born children in the three years preceding the baseline and endline surveys were 30.5 (95% CI 24.3--38.4) and 21.6 (95% CI 16.3--28.7) per 1000 live births. This overall declining trend was not statistically significant (HR 0.64, 95% CI 0.37--1.12, *p* = 0.12). There was a substantial decline however in neonatal mortality between the survey rounds among children delivered in PHCs supported by NM: HRs of 29.4 (95% CI 18.1--47.5) vs. 9.3 (95% CI 3.9--22.3), *p* = 0·09. There were no significant declines in NMR among children delivered in non-NM facilities or at home.

Table [2](#Tab2){ref-type="table"} presents the NMR estimates and HRs for different periods of time after birth by place of delivery. The maximum NMR reductions between baseline and endline are seen on day 1 of birth in NM-supported facilities (12.8 at baseline to 1.9 at endline; HR 0.10, 95% CI 0.01--0.90, *p* = 0.04). Differences in NMR after day 1 were not statistically significant for deliveries in non-NM facilities or at home. There were no reported deaths among those delivered in NM-supported facilities during days 8--28 post birth, compared to NMRs of 4 and 8.5 among those delivered in unsupported facilities or at home. Mortality during days 8--28 after birth went up significantly at endline for home deliveries. Table 2Neonatal mortality estimates and unadjusted hazard ratios for different periods since birth, by place of deliveryMortality rates for periods since birthDeliveries in nurse mentor supported facilitiesDeliveries in facilities not supported by nurse mentorsHome deliveriesTotal deliveriesBaselineEndlineBaselineEndlineBaselineEndlineBaselineEndline**Day 1** NMR \[95% CI\]12.8 \[6.1--26.7\]1.9 \[0.3--13.2\]4.2 \[1.8--10.1\]6.2 \[3.1--12.5\]10.0 \[4.5--22.1\]5.5 \[1.4--21.8\]7.7 \[4.9--12.2\]5.0 \[2.8--9.1\]Hazard ratio \[95% CI\] pRef0.10 \[0.01--0.90\] 0.04Ref.0.99 \[0.28--3.52\] 0.99Ref.0.44 \[0.08--2.45\] 0.44Ref.0.58 \[0.24--1.42\] 0.23**Days 2--7** NMR \[95% CI\]11.1 \[5.0--24.6\]7.5 \[2.8--19.8\]21.2 \[14.4--31.3\]15.7 \[10.2--24.3\]16.8 \[9.1--31.1\]11.1 \[4.2--29.3\]17.7 \[13.1--24.0\]12.9 \[8.9--18.7\]Hazard ratio \[95% CI\] pRef0.98 \[0.24--4.02\] 0.97Ref0.50 \[0.17--1.43\] 0.20Ref0.58 \[0.15--2.30\] 0.44Ref0.59 \[0.26--1.33\] 0.20**Days 8-28** NMR \[95% CI\]5.7 \[1.8--17.5\]0.0 \[NC\]7.0 \[3.5--14.0\]4.0 \[1.7--9.6\]1.7 \[0.2--12.1\]8.5 \[2.7--26.1\]5.3 \[3.0--9.4\]3.8 \[1.9--7.5\]Hazard ratio \[95% CI\] pNCRef0.79 \[0.18--3.49\] 0.76Ref42.05 \[4.42--399.76\] 0.00Ref0.96 \[0.33--2.84\] 0.94*NC* Not computed

As the PHCs were not randomized for the intervention, we examined changes between survey rounds in factors that determine the choice of facility for delivery, which may confound the effects of NM on neonatal mortality. The socio-demographic profiles of women in each delivery-place type did not differ significantly between the two survey rounds. Although a greater proportion of literate women, women engaged in housework, non-SC/ST women, and women in higher wealth index quintiles were more likely to deliver in a non-NM facility (data not shown), this pattern did not change between the two surveys. Additionally, between survey rounds, there were no significant differences in the overall sample profiles based on these socio-demographic characteristics. Hence, the socio-demographic differences in the choice of place of delivery likely do not account for the change in estimated NMR between surveys across delivery sites.

Table [3](#Tab3){ref-type="table"} examines the changes in known risk factors associated with neonatal mortality between the two survey rounds, according to delivery place. There were no significant differences in socio-demographic characteristics. However, there were significant differences between baseline and endline with respect to pregnancy characteristics. These included increases in: timing of the first ANC visit; number of ANC checkups; coverage with two TT injections; consumption of 100 IFA tablets during pregnancy; frequency of contact with an ASHA; and use of ambulance transport to reach the delivery point. There was also a decline in reported complications during pregnancy. Similar trends for these characteristics were observed among the two groups who delivered in NM- supported and unsupported facilities. The differences between survey rounds for home deliveries were significant only with regard to IFA consumption, frequency of ASHA meetings and reporting of pregnancy complications. Table 3Population and health care characteristics according to place of delivery, at baseline and endlineCharacteristicDeliveries in nurse mentor supported facilitiesDeliveries in facilities not supported by nurse mentorsHome deliveriesTotal deliveriesBase-lineEnd-linePBase-lineEnd-linepBase-lineEnd-linepBase-lineEnd-linep**Maternal age**  \< 20 years31.132.40.7531.530.70.7722.431.00.0129.031.10.30 20+ years68.967.768.669.377.639.371.068.9**Maternal literacy** Literate47.547.90.9358.960.90.4728.030.00.6048.152.40.09 Illiterate52.552.141.239.172.070.051.947.6**Maternal work** Housework51.144.80.1458.759.00.9439.534.30.2451.951.30.80 Other48.955.241.341.060.565.748.148.7**Caste/tribe** Scheduled caste/tribe35.142.90.2431.836.00.3741.650.10.2335.240.10.29 Other64.957.168.264.058.449.964.859.9**Religion** Hindu88.692.60.1389.188.80.9190.291.40.6889.390.20.63 Other11.47.410.911.29.85.610.79.8**Wealth index quintiles** 4--532.729.30.4226.321.70.1140.543.00.7231.627.30.11 331.335.929.233.334.030.930.933.5 1--236.034.844.545.025.526.137.539.3**First ANC** In 1st trimester67.075.50.0370.477.10.0250.857.30.1364.473.2\<  0.01 Later/never33.024.529.622.949.242.735.626.8**\# of ANC checkups** 3 or more77.987.1\< 0.0186.190.30.0164.169.20.1878.485.8\< 0.01  \< 3 or none22.112.913.99.735.930.821.614.2**2 TT injections** Yes90.193.90.179.095.50.0183.585.60.5089.393.4\< 0.01 No9.96.18.04.516.514.410.76.6**Consumed 100 IFA tablets** Yes14.024.2\< 0.0117.828.8\< 0.0110.018.7\< 0.0114.925.9\< 0.01 No86.075.882.271.290.081.385.174.1**ASHA**^**1**^**meeting frequency (ANC)** At least once a month44.455.00.0341.652.5\< 0.0134.443.50.0240.451.5\< 0.01 Once in 3 months/ less55.645.058.447.565.656.559.648.5**Pregnancy complication**^**2**^ Any50.643.40.0658.348.3\< 0.0147.736.20.0153.745.0\< 0.01 None49.456.641.751.752.363.846.355.0**Transportation to delivery facility** Ambulance23.631.90.0227.833.60.04NANANA26.433.10.01 Other76.468.172.266.473.666.9**Delivery type** Normal98.799.40.3280.177.60.3099.899.70.7489.686.70.03 Other^3^1.30.619.922.40.20.310.413.3**Delivery outcome**  Single100.098.8\< 0.0196.697.20.7198.899.20.7198.097.90.93  Multiple0.01.23.42.81.20.82.02.1**Child's sex** Male50.849.90.8251.252.90.5155.249.10.1652.251.50.77 Female49.250.148.847.144.850.947.848.5**Delivery complication**^**4**^ Any20.513.30.0324.523.10.5611.510.70.7620.118.60.39 None79.586.775.676.988.589.379.981.5**Birth weight**  \< 2500 g11.813.00.6414.516.30.326.05.50.2411.614.10.06 Other88.287.085.583.794.091.588.485.6**Postnatal care either at home or at facility** Yes54.684.8\< 0.0159.289.2\< 0.0139.442.10.5752.979.8\< 0.01 No45.415.340.810.860.657.947.120.2**48 h facility stay post delivery** Yes29.634.50.2653.761.90.01NANANA45.954.0\< 0.01 No70.465.546.338.154.146.0^1^Accredited Social Health Activist^2^Swelling of hands/feet and face, excessive vomiting/giddiness, headache/visual disturbances, weakness/excessive fatigue, convulsions not with fever, weak or no movement of fetus, abnormal position of fetus, jaundice, vaginal bleeding, vaginal discharge, malaria, abdominal pain, preterm/premature rupture of membrane, preterm labour^3^Includes Caesarean section and assisted deliveries^4^Premature labour, preterm/premature rupture of membrane, prolonged labour (\> 12 h), obstructed labour, breech/malpresentation*NA* Not applicable

Except for an increase in the proportion having Caesarean section or assisted deliveries (from 10 to 13%), there were no significant differences overall between baseline and endline according to delivery characteristics. In NM facilities there was a significant increase between the rounds in the proportion of multiple births (from 0 to 1%). In NM-supported facilities, a significantly lower proportion of women at endline reported delivery complications (13%) compared to baseline (21%). None of the differences in delivery characteristics between the two survey rounds were statistically significant for those deliveries in a non-NM facility or at home. In all facilities, there was a significant improvement in the proportion of women who received post natal care, either at home or in a facility (53 to 80%). Similarly, there was a significant increase in the overall proportion of women who stayed at facilities for at least 48 h post delivery, from 46% at baseline to 54% at endline.

Table [4](#Tab4){ref-type="table"} presents the results of the Cox multivariate regression analysis, with the probability of a child dying within 28 days of birth according to place of delivery as the primary outcome, and the selected risk factors as predictors, controlling for survey round. Only risk factors that differed significantly (*p* [\<]{.ul} 0.05) between the survey rounds in any of the four survey groups analyzed in Table [3](#Tab3){ref-type="table"} were included in the multivariate regression model. For deliveries in NM facilities, delivery type and type of gestation were excluded from the model due to small numbers. Similarly, the model for the home deliveries excluded delivery type, transportation to delivery point and 48-h stay in the facility. The model for total deliveries included delivery place and an interaction term involving delivery place and survey round. Overall, single births and births to mothers who had received two TT injections during pregnancy were associated with increased survival of the neonate, when the survey round and place of delivery were controlled for. The risk of dying within 28 days of birth was significantly greater for neonates born to mothers who used an ambulance to reach the delivery point. Neither the survey round nor the interaction between survey round and delivery place were significantly and independently associated with neonatal mortality in the total sample. Table 4Results of the Cox multivariate regression analyses -- probability of death within 28 daysCharacteristicDeliveries in nurse mentor supported facilitiesDeliveries in facilities not supported by nurse mentorsHome deliveriesTotal deliveriesHR95% CIpHR95% CIpHR95% CIpHR95% CIp**Survey round** BaselineRef.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref. Endline0.230.06--0.820.020.670.37--1.220.191.230.48--3.190.671.050.41--2.690.91**First ANC** In 1st trimester0.700.21--2.290.561.780.84--3.770.130.990.31--3.180.991.420.78--2.600.25 Later/neverRef.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.**\# of ANC checkups** 3 or more0.380.07--1.950.251.900.58--6.250.292.500.55--11.320.231.860.73--4.730.19  \< 3 or noneRef.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.**2 TT injections** Yes1.720.23--13.090.600.220.10--0.47\< 0.011.780.28--11.200.540.340.13--0.830.02 NoRef.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.**Consumed 100 IFA tablets** Yes4.531.40--14.690.011.620.91--2.910.100.340.03--3.860.381.330.80--2.200.27 NoRef.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.**ASHA meeting frequency (ANC)** At least once a month/ week3.601.03--12.600.050.720.42--1.250.250.470.16--1.390.170.820.53--1.260.35 Once in 3 months/ lessRef.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.**Pregnancy complication**^**1**^ Any0.480.14--1.650.241.300.70--2.400.411.720.57--5.140.331.290.76--2.180.34 NoneRef.Ref.Ref.Ref.Ref.Ref.RefRef.Ref.Ref.Ref.Ref.**Transportation to delivery facility** Ambulance^2^2.820.98--8.060.051.991.12--3.540.02NANANA2.021.22--3.330.01 OtherRef.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.**Delivery type** NormalNANANARef.Ref.Ref.NANANARef.Ref.Ref. Other1.630.66--4.010.291.670.70--3.960.24**Delivery outcome** SingleNANANA0.100.06--0.19\< 0.010.120.01--1.240.080.090.05--0.19\< 0.01 MultipleRef.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.**Delivery complication**^**3**^ Any5.581.76--17.66\< 0.011.020.50--2.080.961.080.34--3.450.901.330.76--2.330.31 NoneRef.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.**Postnatal care either at home or at facility** Yes2.530.62--10.320.201.080.61--1.910.801.500.51--4.440.461.360.80--2.290.26 NoRef.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.**48 h facility stay post delivery** Yes0.340.09--1.300.111.280.72--2.290.41NANANA0.980.58--1.630.92 NoRef.Ref.Ref.Ref.Ref.Ref.Ref.Ref.Ref.**Place of delivery** NM supported facilities0.810.35--1.860.61 Facilities not supported by NM0.840.36--1.970.69 Home deliveriesRefRef.Ref.**Interaction between round and NM supported facilities**0.270.07--1.130.07 Facilities not supported by NM0.590.20--1.730.34 Home deliveriesRef.Ref.Ref.^1^Swelling of hands/feet and face, excessive vomiting/giddiness, headache/visual disturbances, weakness/ excessive fatigue, convulsions not with fever, weak or no movement of fetus, abnormal position of fetus, jaundice, vaginal bleeding, vaginal discharge, malaria, abdominal pain, preterm/ premature rupture of membrane, preterm labour^2^Includes the Government-provided emergency transportation services^3^Premature labour, preterm/premature rupture of membrane, prolonged labour (\> 12 h), obstructed labour, breech/malpresentation*Ref* Reference category*NA* Not applicable

Among children born in NM facilities, the estimated HR for mortality at endline was significantly lower than at baseline \[HR: 0.23, 95% CI: 0.06--0.82, *p* = 0.02\]. This was not the case for children born at non-NM facilities. Factors other than survey round that were significantly associated with neonatal mortality among the NM facilities included: whether consumed 100 IFA tablets during pregnancy; whether met with an ASHA at least once a month during pregnancy; whether an ambulance was used to reach the delivery point; and whether the delivery had any complication. Among children born in non-NM supported facilities, factors that were independently associated with neonatal mortality included: whether received two doses of tetanus toxoid injections during pregnancy; whether an ambulance was used to reach the delivery point; and whether the delivery was singleton. In these facilities, the estimated hazard ratio at endline compared to baseline was not statistically significant. Among home deliveries, none of the risk factors considered were significantly associated with neonatal mortality, and the hazard ratio at endline compared to baseline was also not statistically significant.

Discussion {#Sec8}
==========

Our findings suggest that the nurse mentoring program, which was designed to improve the quality of care for women and children during the labour, delivery and post-partum periods, was associated with a significant decline over time in neonatal mortality. There was a three-fold reduction in the neonatal mortality rate over a three-year period observed among deliveries in primary heath care facilities with NM programs, with the greatest reduction in mortality seen on the first day of life. This corresponds to an average annual rate of reduction in NMR of about 23%. No significant changes were observed in the estimated NMR among newborns delivered in facilities not supported by the NM program or at home. Differences between place of delivery groups were also observed in the late postnatal period, and no neonatal deaths were reported among infants who delivered in NM facilities from day 8--28 post-birth.

Analysis of known risk factors for neonatal death that may have acted as confounders suggests that they were unlikely to have accounted for the large change in neonatal mortality in our study, as there were no significant differences in socio-demographic characteristics between the two survey rounds. Interestingly, a greater proportion of more marginalized women utilized services at the NM PHCs, suggesting that the NM program was able to reach a population where a greater burden of neonatal mortality has been documented \[[@CR17]--[@CR19]\]. Significant improvements were seen in pregnancy-associated characteristics between survey rounds, but this was similar in both the NM and non-NM facility groups, and is similar to trends in utilization of health services from other studies \[[@CR20], [@CR21]\]. With the exception of an increase in Caesarean sections and assisted operative vaginal deliveries, there were also no significant differences in delivery characteristics between baseline and endline. Encouragingly, there was a significant improvement between the two survey rounds in the proportion of women who received postnatal care, either at home or in a facility (53 to 80%).

Although the study was not designed to establish causal linkages between the NM program and reductions in neonatal mortality, several aspects of the NM program could have contributed to the positive effect on newborn survival. These would include: a focus on improving diagnosis and management of MNCH complications through enhanced skills, knowledge and practices; use of self-check lists to identify system level gaps and develop action plans to respond appropriately; and use of case sheets as job aids to prompt appropriate treatment and referral to ensure follow-up once complications are identified. We have previously shown that this multipronged approach resulted in improved quality of care at institutions supported by the NM program within the project area, through improvements in facility readiness as well as provider preparedness, and improved knowledge and skills around essential obstetric and neonatal care \[[@CR10], [@CR11]\].

From 2009 to 2011, the average annual rate of reduction in NMR for all of India was 4·6% \[[@CR22]\]. The reduction in NMR observed in our study was much higher than this, and several factors may have contributed to this finding. One is timing, as the greatest reduction in mortality observed in our program occurred on the first day, when in India more than one-third of newborn deaths occur \[[@CR19], [@CR22]\]. Inability to prevent early neonatal death is a known contributor to slow progress in newborn survival \[[@CR22]\], and the nurse mentoring program was designed to address MNCH care during this critical period. Secondly, the context of being embedded in the Government of India's NRHM likely facilitated the accelerated mortality decline, as the program built on gains already achieved by the NRHM. Demand for delivery in health facilities was already high in the state (although lower in our program districts), and key infrastructure, supplies, personnel and emergency transport were already in place when our nurse mentoring program began \[[@CR23]\]. Furthermore, faster rates of decline in NMR have been documented in more marginalized and vulnerable populations \[[@CR17], [@CR24]\], and our data indicate that a large and increasing proportion of marginalized women utilized services at the health facilities where the nurse-mentoring program was implemented; and this may have also contributed to an accelerated rate of decline.

We also attempted to identify predictors of newborn survival for the overall sample population and sub-populations by place of delivery. When survey round and place of delivery were controlled for, single births and births to mothers who had received two tetanus toxoid injections during pregnancy were associated with increased newborn survival. This is not surprising, as multiple gestation is recognized as a risk factor for neonatal morbidity and mortality \[[@CR25], [@CR26]\], and the protective effect of maternal vaccination for TT on neonatal mortality in India is well-documented \[[@CR27], [@CR28]\].. Among newborns delivered in NM facilities, factors that were significantly associated with neonatal mortality included: consumption of 100 IFA tablets during pregnancy; meeting with an ASHA at least once a month during pregnancy; use of an ambulance to reach the delivery point; and presence of any delivery complication. We hypothesize that these factors may represent proxies for high-risk pregnancies, leading to adverse outcomes. Use of an ambulance, for example, may be due to a pregnancy or neonatal medical emergency. From 2012 to 2104, 40--43% of the medical emergency trips in Karnataka were pregnancy related \[[@CR29]\]. A hospital-based study in Karnataka observed that one-fifth of the patients arriving in hospitals using government ambulance services had pregnancy-related complications \[[@CR30]\].

Recently, the Government of India has made provisions for nurse mentors in several states and in high priority districts. For instance, the Government of India has been supporting, since 2014, a set of 100 on-site nurse mentors in 25 high priority districts of Uttar Pradesh, a large north Indian state. Various elements of the NM intervention were incorporated in the National Guidelines on Quality Assurance \[[@CR31]\], strengthening competency-based training of health care providers \[[@CR32]\], and strengthening pre-service education for nursing \[[@CR33]\].

We used household surveys to determine neonatal mortality, which are often considered better sources of data on neonatal mortality than either the civil registration data or the routine facility data \[[@CR8], [@CR34]\]. The civil registration data is often incomplete \[[@CR35]\]. Facility data are limited by substantial selection bias since births and deaths may occur outside the health system \[[@CR36]\]. Data from household surveys where calculations are based on full birth history, date of birth of each child, whether each child is alive and if not the age of death are hence used for neonatal mortality estimates. In India, the Sample Registration System (SRS) and the household surveys have been the major sources of data on neonatal mortality. India has completed 4 rounds of National Family Health Survey (NFHS), designed and implemented on the models of Demographic and Health Surveys. And the SRS data on neonatal mortality has been made available since 1971. However, both the NFHS and the SRS do not provide the neonatal mortality estimates for the project area. And hence special surveys, at baseline and end line were designed and implemented, similar to the NFHS, in the project districts.

Our study has several limitations. We used a non-randomized design to compare the health outcomes between different types of facilities and home deliveries, and so we cannot directly attribute the observed decline in neonatal mortality to the NM program. Moreover, we have used population-level data to measure neonatal mortality, rather than facility-level data, and thus there are limitations in terms of assessing the effectiveness of the NM program, which is a facility-based intervention. The facilities have significant heterogeneity in terms of institutional capacity and numbers of complicated cases. While a randomized controlled trial among the PHCs would have been ideal, this was not possible due to the desire of the state government to institute rapid program scale-up. Nevertheless, we believe that the comparisons made between NMR at baseline and endline as a measure of program effect are suggestive, because participants in the surveys were randomly recruited; they had no information about the NM intervention per se, and thus had no bias for use of PHCs over non-PHCs as delivery points; and the NM intervention was implemented in rapid succession in all PHCs in the project districts, using similar processes and content. Another limitation is that we do not have information on referral pathways, so cannot know if those who delivered at non-PHC facilities were first seen or referred from NM PHCs. However, as higher-level institutions also showed some improvement in their NMR, it is unlikely that the rapid decline in NMR at PHCs was only due to referral of complicated cases, and shifting of place of newborn death.

Conclusions {#Sec9}
===========

In summary, this study provides evidence supporting the linkage between quality improvement strategies and improved MNCH outcomes, evidence which to date has been lacking \[[@CR12]--[@CR14]\]. Findings from the study suggest that nurse mentoring may represent a successful strategy to decrease NMR when implemented in the correct context. Further research is required to prove its effectiveness, but if confirmed, this strategy should be helpful in guiding the development of quality improvement strategies in labour, delivery and newborn health care that are suitable for implementation and scale-up in settings with high neonatal mortality.

NRHM

:   National Rural Health Mission

MNCH

:   Maternal, newborn and child health

NM

:   Nurse mentoring

SN

:   Staff nurses

ANM

:   Auxilliary Nurse Midwife

PHC

:   Primary Health Centre

ANC

:   Antenatal care

TT

:   Tetanus Toxoid

IFA

:   Iron and Folic Acid

ASHA

:   Accredited Social Health Activist

SC

:   Scheduled caste

ST

:   Scheduled tribe

NMR

:   Neonatal mortality rate

HR

:   Hazard Ratio

**Publisher's Note**

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

We would like to thank all of our partner organizations, the Karnataka Health Promotion Trust, St. Johns Medical College, IntraHealth and Karuna Trust, which supported the design and implementation of the nurse mentoring program. We are very grateful to the nurse mentors and their supervisors, and the staff at the PHCs, who worked very hard every day, often in difficult settings. We also thank the Population Research Centre, Dharwad for implementing the baseline and endline surveys.

JFB, RBM, SM, KJ, JSH and LA designed the study. JSH, AK and RP supervised the data collection. RBM and LA wrote the manuscript and RBM managed data analysis with AK and RP. KJ, TC, EF, HS, HLM, JB, MC, and LA helped with the design and management of the intervention. All authors have read and approved the manuscript.

This research was funded by the Bill & Melinda Gates Foundation. The views expressed herein are those of the authors and do not necessarily reflect the official policy or position of the Bill & Melinda Gates Foundation. The Bill and Melinda Gates Foundation did not have any role in the writing of the manuscript or the decision to submit it for publication.

The data are hosted on the CGPH PSDP server at the University of Manitoba, and a de-identified data cut will be made available on request from the CGPH PSDP Data Steward (contact e-mail: Nancy.Yu\@umanitoba.ca).

Ethical approval for the surveys was obtained from the Institutional Ethical Review Board of the Shri Dharmasthala Manjunatheshwara College of Medicine, Dharwad, Karnataka, India. Each survey participant was administered a verbal consent form, and only those with prior consent were included in the study.

Not applicable.

JFB and EF report grants from Bill & Melinda Gates Foundation, during the conduct of the study. LA, MC, TC, KJ, AK, HLM, SM, RP, and RBM report grants and personal fees from Bill and Melinda Gates Foundation, during the conduct of the study. JB reports grants from Bill & Melinda Gates Foundation, outside the submitted work. JSH reports grants from Karnataka Health Promotion Trust, Bangalore, during the conduct of the study. HS reports grants and personal fees from Karnataka Health Promotion Trust, Bangalore, during the conduct of the study.
